S.M. Lee proposed the conjecture: for any n > 1 and any permutation f in S(n), the permutation graph P (P n , f ) is graceful. For any integer n > 1 and permutation f in S(n), we discuss the gracefulness of the permutation graph P (P n , f ) if f = 
Introduction
A graph that has order p and size q is called a (p, q)-graph. Let G = (V, E) be a finite simple (p, q)-graph. The graph G is called graceful if there exists an injection g from V to {0, 1, 2, . . . , q} such that the induced edge labels {g * (uv) = |g(u)−g(v)| | uv ∈ E} is equal to {1, 2, . . . , q}. The mapping g is said to be a graceful labelling of G, and g * is said to be an edge labelling of G. The concept of graceful graph is due to Rosa [1] . In 1967, he introduced the notion of β-valuation, which Golomb [2] subsequently called graceful labelling. In general, it is hard to decide whether a given graph is graceful. Even if a graph is known to be graceful, it may still be difficult to find a graceful labelling. Research has focused on specific classes of trees, bipartite Example 1.3. Taking n = 4, f = (13)(24), then gf = (42)(31). Taking n = 5, f = (124), then gf = (542). In this paper, we obtain the following theorem: Theorem 1.4. Let n > 1 be an integer, and f be a permutation in S(n). Then the permutation graph P (P n , f ) is graceful if f = Let Z be the ring of integers and let a, b, k ∈ Z and k ≥ 2. The following notations are used frequently.
[a, b] = {x | x ∈ Z, a ≤ x ≤ b}, [a, b] k = {x ∈ Z | a ≤ x ≤ b, x ≡ a (mod k)}, f (S) = {f (x)| x ∈ S}, where S is a set and f is a function. 
Main Results
Let P n be a path with n vertices, f a permutation in S(n), V (G j ) = {v j,1 , v j,2 , . . . , v j,n }, j = 1, 2. Then the vertex set of the permutation graph P (P n , f ) is V (G 1 ) V (G 2 ) (shortly V (G)), and its edge set is E(G 1 ) E(G 2 ) {v 1,j v 2,f (j) | j ∈ [1, n]} (shortly E(G)). The permutation graph P (P n , f ) has 2n vertices and 3n − 2 edges. In the following, the set behind the function g is the label set of corresponding vertices. For instance, "g(x 2i+1 
Where
Whether n is even or odd, the label-set of vertices of the graph P (P n , f ),
In the following, we show that the g * is a bijection from E(G) to [1, 3n − 2]. By the definition of the g, we have:
if n is odd.
Whether n is even or odd,
In the following, we show that the g * is a bijection from E(G) to [1, 3n − 2] . By the definition of the g, we have:
if n is even, and [3, 3n − 3m − 6l + 3] 6 if n is odd;
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Case 2. when m is even: We define the function g : V (G) → [0, 3n − 2] as follows:
if n is odd;
In the following, we show that the g * is a bijection from
By the definition of the g, we can get the sets A ∼ I the same as Case 1 (2), except the following six sets:
k=0 (m + 4k, m + 4k + 2)(m + 4k + 1, m + 4k + 3) for positive integers m and l satisfying n ≥ 2(m − 1) + 4l,the graph P (P n , f ) is graceful. P roof. We distinguish between two cases to show this lemma.
The label-set of vertices of the graph
We can get g * (E(G))=A∪B ∪C = [1, 3n−2]. Therefore, the g * is a bijection from
(ii) n = 4l + 1,
as follows:
Clearly, the g is an injection from V (G) to [0, 3n−2] and the g * is a bijection from E(G) to [1, 3n − 2].
(b) l ≥ 2, we define the function g : V (G) → [0, 3n − 2] as follows:
6l + 3, 6l + 5, 6l + 6, 6l + 8}. Since |g(V (G))| = (6l − 3)/3 + 1 + 2((6l − 9)/ 3 + 1) + (6l − 6)/3 + 1 + 7 = 8l + 2 = 2n, the g is an injection from V (G) to [0, 3n − 2].
In the following, we show that the g * is a bijection from E(G) to [1, 3n − 2]. By the definition of the g, we have: We can get g * (E(G))=A∪B ∪C = [1, 3n−2]. Therefore, the g * is a bijection from E(G) to [1, 3n − 2].
(iii) n ≥ 4l + 2, we define the function g : V (G) → [0, 3n − 2] as follows:
Whether n is even or odd, the label-set of vertices of the graph
(2) m ≥ 3, we define the function g : V (G) → [0, 3n − 2] as follows: if n is odd;
3n−3m−12i−6, 3n−3m−12i−7, 3n−3m−12i−9, 3n−3m−12i−10|
if n is even, and [1, 3n − 3m − 12l + 1] 6 if n is odd;
if n is even, and [4, 3n
)} = {3n − 3m, 3n − 3m + 1, 3n − 3m − 12l + 3, 3n − 3m − 12l + 6, 3n − 3m + 3, 3n − 3m + 2, 3n − 3m − 12l + 8, 3n − 3m − 12l + 5, 3n − 3m − 12l + 2, 3n − 3m−2, 3n−3m−1, 3n−3m−12l +4, 3n−3m−12l +7, 3n−3m
Case 2. When m is even,
(1) except the case m = 2 and n = 4l + 2, we define the function g : V (G) → [0, 3n − 2] as follows:
Where In the following, we show that the g * is a bijection from E(G) to We can get g * (E(G))=A∪B ∪C = [1, 3n−2]. Therefore, the g * is a bijection from E(G) to [1, 3n − 2].
Proof of Theorem 1.4. The conclusion comes from Lemmas 1.2, 2.1 and 2.2.
